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Recent epidemiological evidence suggests that children who spend more time outdoors are less likely to
be, or to become myopic, irrespective of how much near work they do, or whether their parents are
myopic. It is currently uncertain if time outdoors also blocks progression of myopia. It has been suggested
that the mechanism of the protective effect of time outdoors involves light-stimulated release of
dopamine from the retina, since increased dopamine release appears to inhibit increased axial elonga-
tion, which is the structural basis of myopia. This hypothesis has been supported by animal experiments
which have replicated the protective effects of bright light against the development of myopia under
laboratory conditions, and have shown that the effect is, at least in part, mediated by dopamine, since the
D2-dopamine antagonist spiperone reduces the protective effect. There are some inconsistencies in the
evidence, most notably the limited inhibition by bright light under laboratory conditions of lens-induced
myopia in monkeys, but other proposed mechanisms possibly associated with time outdoors such as
relaxed accommodation, more uniform dioptric space, increased pupil constriction, exposure to UV light,
changes in the spectral composition of visible light, or increased physical activity have little epidemio-
logical or experimental support. Irrespective of the mechanisms involved, clinical trials are now un-
derway to reduce the development of myopia in children by increasing the amount of time they spend
outdoors. These trials would beneﬁt from more precise deﬁnition of thresholds for protection in terms of
intensity and duration of light exposures. These can be investigated in animal experiments in appropriate
models, and can also be determined in epidemiological studies, although more precise measurement of
exposures than those currently provided by questionnaires is desirable.
 2013 Elsevier Ltd. All rights reserved.
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1041. Introduction
An epidemic of myopia has emerged in children and young
adults in some of the countries of East and Southeast Asia (Morgan
et al., 2012), in particular in Singapore (Wu et al., 2001), China (He
et al., 2004; Qian et al., 2009), including Hong Kong (Goh and Lam,
1994) and Taiwan (Lin et al., 2004; Shih et al., 2009), Japan
(Matsumura and Hirai, 1999) and Korea (Jung et al., 2012). In these
locations, around 80% or more of children completing school are
now short-sighted, and the prevalence of sight-threatening high
myopia in these children is nowapproaching 20% ormore (Lin et al.,
2004; Jung et al., 2012). In other parts of the world, the prevalence
of myopia also seems to be increasing. The rate of increase is
somewhat less than in some parts East and Southeast Asia, but
nevertheless, in the United States (Kempen et al., 2004; Vitale et al.,61 261253808.
an).
All rights reserved.
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.N., et al., Time outdoors and2008, 2009), and perhaps in Europe (Logan et al., 2005; Jobke et al.,
2008), the prevalence of myopia in younger adults is now in the
range of 30e50%.
These high prevalences of myopia pose a major public health
challenge. The high prevalence of ordinary myopia, which can be
largely corrected with glasses, contact lenses or refractive surgery,
poses the challenge of providing appropriate correction to the large
number of people who now require it, because World Health
Organisation (WHO) analyses show that uncorrected refractive
error is the major cause of visual impairment in the world
(Resnikoff et al., 2008). In addition, a meta-analysis of 11 cross-
sectional studies has shown an increased risk of open angle glau-
coma with both low and high myopia, with odds ratios of 1.77 and
1.88 respectively (Marcus et al., 2011). Myopia also poses an
increased risk of retinal detachment which increases with the
severity of myopia (Chou et al., 2007), and there are associations
between myopia and cataract (Leske et al., 1991), although the
causal relationship is not clear. Serious complications due to retinal
and choroidal pathologies associated with myopia also increase109
110
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YEXER6157_proof ■ 7 May 2013 ■ 2/11with myopia severity (Vongphanit et al., 2002), and pose a major
challenge, because prevention of the associated uncorrectable
vision loss requires costly ophthalmic treatment (Morgan et al.,
2012).
These challenges have focussed attention on the importance of
prevention of myopia. Fortunately, recent reviews, from both envi-
ronmental (Morgan and Rose, 2005) and genetic (Wojciechowski,
2011) perspectives, have concluded that this epidemic is largely
due to exposure to environmental risk factors, which may be
modiﬁable, with little evidence of increased susceptibility to the
development ofmyopia based on genetic differences in those ethnic
groups which often show higher prevalences of myopia. This
conclusion is based on the evidence that within one ethnic group,
there are marked differences in the prevalence of myopia in
different environments, implicating environmental factors (see for
example Rose et al., 2008b). In addition, within one location, spe-
ciﬁcally Singapore, the prevalence of myopia is high in younger
adults from all the major ethnic groups e even in the population of
South Asian (Indian) origin which is closer in genetic terms to
populations of European and Middle Eastern origin. This evidence
has been extensively reviewed elsewhere (Morgan and Rose, 2005;
Morgan et al., 2012; Wojciechowski, 2011).
There is, in fact, considerable evidence that myopia is more
common in adults who have completed more years of schooling,
and who achieved higher qualiﬁcations (Au Eong et al., 1993a,b). In
children, there is also an almost universal pattern of increasing
myopia prevalence with years of schooling, and increased myopia
with children with higher examination results (Saw et al., 2007)
and those in academically selective schools or streams (Quek et al.,
2004). Nearwork has been intensively investigated as a speciﬁc risk
factor which could explain these associations, but attempts to
quantify near work in recent years have not provided strong sup-
port for this idea (Mutti et al., 2002; Ip et al., 2008). Recent work has
identiﬁed an association at the national level between locations
with a high prevalence of myopia and intensive use of extracur-
ricular classes (coaching or cram schools) (Morgan and Rose, 2013),
and there is a similar association at the individual level (Saw et al.,
2001a,b). It also seems likely that heavy homework and home study
loads may have a role. However, given that mass intensive educa-
tion has been a key component of economic development for many
countries, it is not clear that educational loads can be markedly
reduced, even though there are a few countries, characterised by
more limited use of coaching or cram schools and lower homework
loads, where educational outcomes are high, but the prevalence of
myopia is low (Morgan and Rose, 2013).
Fortunately, again, recent work has identiﬁed an environmental
exposure which appears to protect from the development of
myopiae childrenwho spendmore time outdoors appear to be less
likely to be, or becomemyopic (Mutti et al., 2002; Jones et al., 2007;
Rose et al., 2008a,b; Dirani et al., 2009; Jones-Jordan et al., 2011;
French et al., 2013a). The aim of this review is to outline the evi-
dence for a protective role for time spent outdoors, to examine the
biological mechanisms which underpin it, and to consider the po-
tential of interventions which increase the amount of time that
children spend outdoors for prevention of myopia.
2. Evidence for a protective effect of time outdoors
2.1. Major epidemiological studies
Studies which have addressed the issue of the protection from
the development of myopia by time spent outdoors are summar-
ised in Table 1. A direct link between time spent outdoors and
myopia was ﬁrst established in a longitudinal investigation of the
factors associated with rate of myopic progression in a cohort ofPlease cite this article in press as: French, A.N., et al., Time outdoors and
dx.doi.org/10.1016/j.exer.2013.04.018Finnish school children with established myopia (Parssinen and
Lyyra, 1993). Greater time spent outdoors and in sports activities
was associated with a less myopic refraction at follow-up and a
marginally slower rate of myopic progression, but the association
was only statistically signiﬁcant for boys.
This ﬁnding was followed up in the large population-based
Orinda Longitudinal Study of Myopia (OLSM) in the United States
(Mutti et al., 2002), which reported that children with myopia
engaged in signiﬁcantly less sports activities than children who
were emmetropic. The authors proposed that children who spend
more time in sport performed less near work and thus did not
develop myopia. They also suggested two alternative hypotheses;
that children with myopia may participate less in sport due to the
impact of spectacle wear or due to a more introverted personality,
or that increases in blood ﬂow during exercise might inﬂuence eye
growth. These ﬁndings received little clinical attention, until two
abstracts presented at the 2006 ARVO meeting (Jones et al. IOVS
2006; 47: ARVO E-Abstract 5452; Rose et al. IOVS 2006; 47: ARVO E-
Abstract 5453) stimulated interest in the application of these
ﬁndings to the prevention of myopia.
Subsequently, Jones et al. (2007) reported that children who
became myopic participated in signiﬁcantly less time outdoors
and in sports activities, compared to children who remained
emmetropic. They also showed in predictive models that children
who spent less time outdoors and on sport had signiﬁcantly
greater odds of becoming myopic. This trend was observed in
children with no myopic parents, and in those with two myopic
parents. Less protection was observed in children with only one
myopic parent, suggesting that there might be an interaction
between parental myopia and time outdoors and on sport, which
was also found in regression analysis. Nevertheless, protection by
increased time outdoors and sport occurred to some extent,
irrespective of the number of myopic parents a child had. A sub-
sequent report showed that children who became myopic spent
signiﬁcantly less time outdoors and in sport than children who
remained emmetropic, both before and after the onset of myopia
(Jones-Jordan et al., 2011). These results strongly suggested that
less time spent outdoors was a potentially causal factor for the
development of myopia.
Systematic evidence for an effect of time spent outdoors on
prevalent myopia was also published in 2008 from the Sydney
Myopia Study (SMS), a population-based study of school-aged
children in Sydney, Australia (Rose et al., 2008a,b). Time spent
outdoors was strongly and inversely related to myopia. Children
who spent greater amounts of time outdoors had more hyperopic
spherical equivalent refractions and a lower prevalence of myopia
than children who spent little time outdoors. This paper separately
analysed sport performed outdoors as well as outdoor leisure ac-
tivities including family picnics, playing outdoors and bush-
walking, and indoor sport, and showed that the important factor
was the total time spent outdoors, while indoor sport was not
protective. Greater time spent outdoors was associated with less
myopia even in children performing large amounts of near work.
Comparison of the prevalence of myopia in children from the two
major ethnic groups in Sydney, those of European and East Asian
ancestry, also showed that the lower prevalence of myopia in those
of European ancestry was associated with a higher level of time
spent outdoors.
To this point, epidemiological studies of time spent outdoors
andmyopia had been based primarily on samples from populations
of largely European origin, with a relatively low prevalence of
myopia. However, a similar protective effect of greater time out-
doors was reported in a sample of children predominantly of East
Asian ancestry in the school-based Singapore Cohort Study of
Myopia (SCORM) study (Dirani et al., 2009). Greater time spentthe prevention of myopia, Experimental Eye Research (2013), http://
Table 1
Evidence for a protective effect of increased time outdoors against the development and progression of myopia.
Author Year n Participants Location Design Main ﬁndings
Parssinen and
Lyyra
1993 238 Schoolchildren with
myopia Mean age 11 years
at baseline
Finland Longitudinal 3
year follow-up
Children with the slowest myopic progression rate spent
more time outdoors per day (3.2 h) than those with the
highest progression rate (1.1 h, p ¼ 0.003).
When stratiﬁed by gender, boys who spent more time
outdoors had slower myopic progression and a more
hyperopic ﬁnal refraction. There was no signiﬁcant
relationship for girls.
Mutti et al. 2002 336 Population cohort Mean
age 14 years
United States
(OLSM)
Cross-sectional Children who were myopic spent signiﬁcantly less time
playing outdoor sport per week (7.4 h) than children who
were emmetropic (9.7 h, p ¼ 0.0003). Greater time spent in
outdoor sport was associated with signiﬁcantly lower odds
of myopia (OR ¼ 0.92, p ¼ 0.005).
Saw et al. 2002 957 Schoolchildren of Chinese
ethnicity Age 7e9 years
Singapore and
Xiamen, China
Cross-sectional Children in Xiamen had a signiﬁcantly lower prevalence of
myopia compared to children in Singapore (38% vs. 19%,
p< 0.0001) and spent greater amounts of time outdoors per
week (8.7 vs. 3.3 h, p < 0.0001). Children who were myopic
spent less time outdoors than non-myopic children
(p ¼ 0.03).
Saw et al. 2006 994 Schoolchildren who were
non-myopic at baseline Age
7e9 years
Singapore
(SCORM)
Longitudinal 3
year follow-up
Time spent outdoors was not related to incident myopia
(RR ¼ 1.01, 95% CI 0.98e1.04).
Khader et al.) 2006 1777 Schoolchildren Age 12e17
years
Jordan Cross-sectional Children who were non-myopic spent more time playing
sport outside school hours (4.0 h) than children who were
myopic (1.9 h, p < 0.0001). Children spending greater time
playing sport had lower odds of myopia (OR ¼ 0.89, 95% CI
0.86e0.93).
Jones et al. 2007 514 Population cohort Mean
age 9 years at baseline
United States
(OLSM)
Longitudinal 5
year follow-up
Children who became myopic spent signiﬁcantly less time
per week on outdoor and sport activities at baseline (8 h)
compared to children who remained non-myopic (11.7 h,
p< 0.0001). Greater time outdoors signiﬁcantly reduced the
odds of children becoming myopic (OR ¼ 0.91, 95% CI 0.87
e0.94). Children with one or twomyopic parents who spent
greater amounts of time outdoors were also protected from
the development of myopia.
Onal et al. 2007 207 Medical students Age
18e26 years
Turkey Cross-sectional Those who had spent most of their time before the age of 7
years in outdoor activities had considerably lower odds of
having myopia in young adulthood (OR ¼ 0.44, p ¼ 0.01),
compared to those who spent most of their time in
childhood on indoor activities e.g. video games, television
watching.
Jacobsen et al. 2008 156 Medical students Mean age
23.1 years at baseline
Denmark Longitudinal 2
year follow-up
Students who were myopic spent signiﬁcantly less time on
physical activities (51 min per day) than non-myopic
students (60 min per day, p¼ 0.049) Time spent on physical
activity was inversely related to the amount of myopic shift
in refraction, with each additional hour of physical activity
associated with a reduction in myopic refractive change of
0.175 dioptres.
Rose et al. 2008a,b 4088 Population-based age
samples; 6 years and 12
years
Australia (SMS) Cross-sectional Children in both age samples who spent more time
outdoors had a more hyperopic refraction than children
who spent low time outdoors (younger sample
ptrend ¼ 0.009, older sample ptrend ¼ 0.0003). Children in
the older sample who spent low time outdoors and high
time in near work had the greatest odds of myopia
(OR ¼ 2.6, p ¼ 0.02). Those who combined high levels of
time outdoors with high near work remained protected
from myopia.
Rose et al. 2008a,b Schoolchildren of Chinese
ethnicity Age 6 years
Australia (SMS) and
Singapore (SCORM)
Cross-sectional The prevalence of myopia was signiﬁcantly higher in the
children living Singapore (29%) in comparison to the
children living in Sydney (3%). Differences in myopia
prevalence by location were related to time spent outdoors,
with children in Singapore spending signiﬁcantly less time
outdoors than children in Sydney (3 h vs. 14 h per week).
Dirani et al. 2009 1249 Schoolchildren Mean age
14 years
Singapore (SCORM) Cross-sectional Children with myopia spent signiﬁcantly less time per day
outdoors (3.1 h) than children without myopia (3.6 h,
p < 0.0001). Children who spent more time outdoors had
signiﬁcantly reduced odds of myopia (OR¼ 0.90, p¼ 0.004).
Lu et al. 2009 998 Schoolchildren Mean age
15 years
China Cross-sectional There was no signiﬁcant difference in the amount of time
spent outdoors per week for children with myopia (6.0 h)
compared to those without myopia (6.2 h, p ¼ 0.9). The
mean time outdoors for the total study population was very
low (6.1 h per week) and the prevalence of myopia was high
83%.
(continued on next page)
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Table 1 (continued )
Author Year n Participants Location Design Main ﬁndings
Low et al. 2010 2639 Preschool children Age
6e72 months
Singapore
(STARS)
Cross-sectional There was no signiﬁcant difference in time spent outdoors
per day between childrenwithmyopia (0.77 h) and children
without myopia (0.86 h, p¼ 0.17). The odds ratio for myopia
with greater time spent outdoors was not signiﬁcant for
children of this age (OR ¼ 0.95, p ¼ 0.4).
Wu et al. 2010 145 Schoolchildren Aged 7e12
years
Taiwan Cross-sectional Children who reported often spending time outdoors had
signiﬁcantly lower odds of myopia (OR ¼ 0.3, 95% CI 0.1
e0.9) than children who seldom spent time outdoors.
Jones-Jordan et al. 2011 1329 Population cohort Aged
6e14 years at baseline
United States
(CLEERE)
Longitudinal Children who became myopic spent between 1 and 2 h less
time per week on sports and outdoor activities than an age-
adjusted model of emmetropic children. This difference was
statistically signiﬁcant from 4 years prior to myopia onset to
4 years following onset.
Guggenheim et al. 2012 3061 Population birth cohort
Examinations at age 7, 10,
11, 12 and 15 years
England
(ALSPAC)
Longitudinal 8
year follow-up
Children at the age of 8e9 years who participated in high
(3 h in summer or 1 h in winter) daily time outdoors
were at signiﬁcantly less risk of becoming myopic after 11
years of age (HR ¼ 0.66, 95% CI 0.47e0.93) compared to
children who participated in low time outdoors.
Sherwin et al. 2012a,b 636 61.5% of permanent
residents of Norfolk island
aged 15 years or over
Norfolk Island
(NIES)
Cross-sectional There was a steady decrease in the prevalence of myopia
with increased proportion of the day spent outdoors,
measured by current activity (ptrend ¼ 0.03). However,
there was no signiﬁcant reduction in odds of myopia with
increased current time outdoors in univariate or
multivariate models.
Guo et al. 2013 681 Schoolchildren, 2 age
samples; mean 6.3 years
and 9.4 years
China (urban
and rural)
Cross-sectional Children who spent more time outdoors had lower odds of
having myopia (OR ¼ 0.32; 95% CI, 0.21e0.48). Those
children living in the urban region had a higher prevalence
of myopia and spent signiﬁcantly less time outdoors than
children living in the rural region (1.1 vs. 2.2 h, p < 0.001).
French et al. 2013a,b 2103 Population-based age
cohorts; 6 and 12 years at
baseline
Australia (SMS
and SAVES)
Longitudinal 5e6
year follow-up
Children who became myopic spent less time outdoors
compared to children who remained non-myopic (younger
cohort, 16.3 vs 21.0 h p < 0.0001, older cohort, 17.2 versus
19.6 h, p ¼ 0.001). Children who spent low time outdoors in
both cohorts were at increased odds of becoming myopic
(younger cohort, OR ¼ 2.84 95% CI 1.56e5.17 and older
cohort, OR ¼ 2.15 95% CI 1.35e3.42). Those who combined
low time outdoors and high near work were most likely to
become myopic, but those children who performed high
levels of near work and spent high time outdoors remained
protected from myopia development.
A.N. French et al. / Experimental Eye Research xxx (2013) 1e114
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YEXER6157_proof ■ 7 May 2013 ■ 4/11outdoors was associated with signiﬁcantly less myopic refractions
and shorter axial length. Comparison of the three major ethnic
groups in Singapore showed that the rank order of myopia preva-
lence (Chinese > Indians > Malays) was parallelled by an inverse
rank order of time spent outdoors (Malays > Indians > Chinese).
The protective effect of time outdoors in a population of East Asian
origin has since been replicated in school children in greater Beijing
from both urban and rural locations, for both refractive error and
for axial length (Guo et al., 2013).
Longitudinal follow-up of the two age cohorts (6 and 12 years)
examined in the SMS also showed that children who became
myopic spent signiﬁcantly less time outdoors at baseline than
children who remained non-myopic, and children who were in the
highest tertile of time spent outdoors were protected from the
development of myopia, irrespective of the amount of near work
they performed (French et al., 2013a). Children in the lower tertiles
of time spent outdoors had signiﬁcantly greater odds of becoming
myopic, compared to those in the highest tertile. The protective
effect of time spent outdoors was strongest in the younger children
(aged 6 at baseline), suggesting that the amount of time children
spend outdoors when young is particularly important in terms of
refractive development.
Time spent outdoors at the age of 8e9 years was also a signiﬁ-
cant predictor of whether children subsequently became myopic in
the Avon Longitudinal Study of Parents and Children (ALSPAC)
(Guggenheim et al., 2012). This study also conﬁrmed the greater
importance of time outdoors compared to sport.Please cite this article in press as: French, A.N., et al., Time outdoors and
dx.doi.org/10.1016/j.exer.2013.04.0182.2. Other supporting studies
A number of smaller studies have also reported a protective
effect of greater time spent outdoors on myopia. In school-aged
children located in Amman, Jordan, children who were myopic
spent signiﬁcantly less time playing outdoor sport than children
who were non-myopic, and children spending greater time
participating in sport has signiﬁcantly lower odds of being myopic
(Khader et al., 2006). A study of medical students in Turkey found
an inverse association between time spent outdoors in childhood
before age 7 years and myopia (Onal et al., 2007). A signiﬁcant
inverse effect of time outdoors on the odds of having myopia was
also reported in a small rural population in Taiwan (Wu et al., 2010).
2.2.1. How big are the effects?
A recent meta-analysis pooled the results of 7 cross-sectional
studies investigating the association between time spent out-
doors and myopia and systematically reviewed the evidence for
time outdoors from a further 16 studies that did not meet the in-
clusion criteria (Sherwin et al., 2012a,b). From the pooled data,
which included a majority of studies of school-aged children and
one study of preschool-age children, it reported that for each
additional hour of time spent outdoors per day there was a 2%
decrease in the odds of myopia. Although these protective effects
are small, 2 of the 7 studies included in the meta-analysis found no
signiﬁcant association between myopia and time outdoors.
Conversely, the majority of studies that were reviewed, but werethe prevention of myopia, Experimental Eye Research (2013), http://
Q2
Q3
Fig. 1. Odds ratios for prevalent or incident myopia. SMS e Sydney Myopia Study;
SAVES e Sydney Adolescent and Vascular Eye Study. Odds ratios are relative to the
reference group in each study of high outdoors/low near-work. The decline in odds
ratio from the high near-work/low outdoors condition to the high near-work/high
outdoors conditions illustrates the protective effect of increasing time outdoors
against the highest tertile of near-work. Complete protection would be achieved if the
odds ratio had been reduced to one.
A.N. French et al. / Experimental Eye Research xxx (2013) 1e11 5
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YEXER6157_proof ■ 7 May 2013 ■ 5/11not able to be included in the meta-analysis reported more sig-
niﬁcant positive effects of time outdoors on the protection of
myopia.
In contrast to these modest effects, longitudinal data suggest
that the chance of becomingmyopic is reduced by around one third
if time spent outdoors is increased from 0e5 h per week to 14 or
more per week (Jones et al., 2007). In the cross-sectional data from
the Sydney Myopia Study (Fig. 1), in 12 year-olds, the odds ratio for
myopia for the combination of high near work and low time out-
doors was 2.6 compared to the reference group combining low near
work and high time outdoors (Rose et al., 2008a). In the subsequent
ﬁve-year follow-up study (Fig. 1), the same comparison gave odds
ratios for incident myopia for 12 year-olds of 15.9 and 5.1 for 17
year-olds (French et al., 2013a). These data all suggest a major
protective effect (Fig. 2).
Three studies have investigated the impact of time outdoors on
variation in myopia prevalence in children of the same ethnicity
between locations. Rose et al. (Rose et al., 2008a,b) compared a sub-
sample of 6 year old children of Chinese ethnicity from the SMSFig. 2. Evidence for the light-dopamine mechanism of protection against the devel-
opment of form-deprivation myopia in chickens. In 500 lux light, considerable myopia
develops in chickens wearing diffusers. Increasing the light intensity to 15,000 lux
reduces the amount of myopia induced. If the D2-dopamine receptor antagonist is
injected, then the protective effect is abolished, whereas a control injection has no
effect.
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dx.doi.org/10.1016/j.exer.2013.04.018with children of Chinese ethnicity of the same age living in
Singapore. The prevalence of myopiawas signiﬁcantly higher in the
children living Singapore (29%) in comparison to the children living
in Sydney (3%). Multivariate analysis showed that differences in
refraction between Sydney and Singapore were strongly related to
time spent outdoors, with Chinese children in Singapore spending
an average of only 3 h a week outdoors compared to Chinese
children in Sydney with an average of 14 h per week. Therewere no
signiﬁcant differences in other parameters, including near work
and parental myopia.
A comparison of children of Chinese ancestry growing up in
Singapore and Xiamen (Zhan et al., 2000; Saw et al., 2001a,b) also
found a signiﬁcant difference in the prevalence of myopia in the
two sites (36.7 vs 18.4%), and also reported a signiﬁcant difference
in the amount of time spent outdoors between children in the two
sites (8.7 h per week in Xiamen versus 3.3 in Singapore).
In a study of children from urban and rural areas of Beijing, the
prevalence of myopia was signiﬁcantly higher in children living in
the urban areas. The prevalence for Grade 1 students in rural areas
was 7.9% for boys and 2.7% for girls, compared to 29.9% and 26.6%
respectively in urban areas. The comparable ﬁgures for Grade 4
students were rural boys 18.8%, rural girls 15.6%, urban boys 53.2%
and urban girls 76.2%. Children living in the urban location spent
signiﬁcantly less time outdoors than those in rural areas; 1.1 h per
day vs 2.2 h per day (Guo et al., 2013). A multivariatemodel showed
signiﬁcant effects for both time outdoors and location.
While time outdoors may not be the only factor involved in
these differences, these studies suggest that a signiﬁcant propor-
tion of the difference between locations in myopia prevalence can
be accounted for by differences in time spent outdoors, particularly
since in most studies the effects reported for near work are weak.
Comparative studies of this kind, while not common in ophthalmic
epidemiology, have considerable power because of the often
increased variation both in spherical equivalent refraction and in
activity parameters.
Thus, while morework is required on exposures and effect sizes,
marked differences in the prevalence of myopia can be observed
within locations, and between locations, which can, at least in part,
be explained by existing differences in time spent outdoors. The
magnitude of the effects suggests that signiﬁcant reductions in the
prevalence of myopia could be produced by increasing the amount
of time that children spend outdoors during the day, within current
behavioural limits.
2.2.2. Conﬂicting evidence
While most papers have reported protective effects of time
outdoors against the development of myopia, there are a few
studies which have reported no effect. No effect was reported in a
school-aged sample in China (Lu et al., 2009), but the sample in this
study was predominantly myopic (>80%), and spent little time
outdoors, with a mean of only 6.1 h per week outside. In contrast, in
studies where a protective effect of outdoor activity is evident,
children who were not myopic spent over 10 h of time outdoors.
This may point to a possible threshold amount of time spent out-
doors per week required to gain adequate protection from the
development of myopia. Thus, it is possible that the negative
ﬁndings were due to a generally below-threshold amount of time
spent outdoors, and also perhaps a lack of variation in time spent
outdoors.
Another study reported no association between time spent
outdoors and myopia in a preschool-aged sample (Low et al., 2010).
However, the prevalence of myopia was low in this young age
group, as was the level of time outdoors which again may not have
been above threshold. However, differential exposures at this age,
while not leading to myopia, may contribute to the sphericalthe prevention of myopia, Experimental Eye Research (2013), http://
A.N. French et al. / Experimental Eye Research xxx (2013) 1e116
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YEXER6157_proof ■ 7 May 2013 ■ 6/11equivalent refraction achieved over the preschool and early school
years period e which is important because refractive status during
childhood is a major predictor of subsequent progress to myopia.
Therefore, it would be useful for future longitudinal studies to
determine if the amount of time spent outdoors at preschool-age is
associated less hyperopic refraction at that age and with develop-
ment of myopia in later childhood or adolescence.
Two early studies from Singapore also reported no association
between time outdoors and myopia (Saw et al., 2001a,b; Saw et al.,
2006). However, signiﬁcant effects were obtained in more recent
studies after adoption of the questionnaire used in the Sydney
Myopia Study (Dirani et al., 2009).
In a sample of Danish university students, there was an inverse
relationship between physical activity and myopia and change in
refraction towards myopia (Jacobsen et al., 2008). This is not
necessarily in conﬂict, and given the current evidence, the effect
could actually be due to increased time outdoors, rather than
physical activity.
2.2.3. Does time outdoors control the progression of myopia?
The ability of increased time outdoors to reduce prevalent and
incident myopia appears to depend on limiting axial elongation,
since axial length is reduced in parallel with effects on myopia,
while other biometric parameters are not affected. Myopic pro-
gression in established cases of myopia also depends on axial
elongation, and hence it seems plausible that myopic progression
would also be reduced by time spent outdoors.
However, in conﬂict with this hypothesis, a recent detailed
study (Jones-Jordan et al., 2012) did not detect an effect of near
work or time outdoors on the progression of myopia in those with
established myopia. Power calculations were performed to estab-
lish that the study had the sufﬁcient power to detect signiﬁcant
effects. A similar ﬁnding has been reported by Wu et al. (2013) in a
pilot study on myopia prevention.
These ﬁnding pose a signiﬁcant challenge to any hypothesis on
the mechanism of the protective effect, since, if regulation of axial
elongation is involved, the factors involved would be expected to
affect both axial elongation leading to the onset of myopia, and
axial elongation leading to progression. However, we do not believe
that these ﬁndings should be considered deﬁnitive.
There is considerable evidence for the existence of seasonal
variations in myopic progression e largely derived from the control
arms of clinical trials of methods for slowing myopic progression
(Table 2). In addition to the references listed in Table 2 (Goss and
Rainey, 1998; Fulk et al., 2002; Donovan et al., 2012; Fujiwara
et al., 2012; Cui et al., 2013), smaller effects on progression were
also reported in Singapore (Tan et al., 2000).
Progression has been consistently shown to be faster in winter
and slower in summer, consistent with an effect of increased time
outdoors, and since examination periods are generally held before
the Northern Hemisphere summer break, also with increased
educational load. Thus, if near work and time outdoors do not affect
progression, these seasonal effects also need an independent
explanation. However, whatever the detailed mechanism, these
seasonal studies also help to deﬁne the magnitude of effects thatTable 2
Seasonal differences in myopic progression.
Reference Location Maximum
Donovan et al., 2012 Guangzhou, China 0.53D (winter)
Cui et al., 2013 Copenhagen, Denmark 0.32D (minimum
Fulk et al., 2002 Oklahoma, USA 0.32D (school)
Goss and Rainey, 1998 Indiana, USA 0.72D (school)
Fujiwara et al., 2012 Okayama, Japan 0.17 mm (winter
Please cite this article in press as: French, A.N., et al., Time outdoors and
dx.doi.org/10.1016/j.exer.2013.04.018might be expected in interventions, and reductions in progression
of between 40 and 50% between the seasons have been reported.
This suggests that existing levels of variation in activities could be
used to halve the rate of progression, which would make an
important contribution to limiting the development of high
myopia.
It is possible that the inability to demonstrate statistically sig-
niﬁcant effects of environmental factors on progression relates to a
characteristic of the experimental design, in which studies are
carried out only on those with existing myopia. The relationship
between time outdoors and the prevalence and development of
myopia means that participants with myopia tend to spend less
time outdoors, and it is possible that the lack of variation makes it
difﬁcult to achieve statistically signiﬁcant effects. Further studies
may beneﬁt from combining investigation of seasonal variation
with rigorous documentation of time spent outdoors (and near
work parameters).
2.2.4. Some frequently asked questions
2.2.4.1. How important are near work and educational load?.
In comparison to the clear and consistent effect of time outdoors,
effects of near work have been weak and inconsistent, whether
near work has been measured as cumulative hours spent on near
work activities, or when viewing distance is taken into account, as
in the calculation of diopter-hours. The inconsistency andweakness
of the near work effects is such that Mutti and Zadnik (2009) have
argued that “near work’s star has fallen.”
However, it should also be noted that methods for estimating
near work are highly reliant on recall. Another limitation of esti-
mates of near work is that information has generally been sought
on near work activities outside of school, yet it cannot be assumed
that the school day is a constant for all children in the same school
grade, particularly if factors such as reading distance and reading
time without breaks (Ip et al., 2008) are taken into account.
The weakness and inconsistency of the near work effects con-
trasts markedly with the strong and consistent effects on myopia of
years of education, school marks, and educational stream. We have
recently argued that more complex measures of educational load,
such as amount of homework and home study, and time spent in
additional classes out of school may also need to be developed
(Morgan and Rose, 2013).
In the context of prevention, the promotion of time outdoors
may bemore effective than trying to reduce educational load. Given
the commitment to educational success that has been a long-
standing part of the Confucian tradition, reducing the emphasis
on study in East Asia is likely to be a difﬁcult process, even though
some countries, such as Australia, demonstrate that it is possible to
have internationally competitive educational outcomes without an
epidemic of myopia (Morgan and Rose, 2013).
2.2.4.2. Is it sport/physical activity or time outdoors?. Some confu-
sion has been introduced into the area by the early studies which
analysed time outdoors and time on sports within one question,
and which placed the emphasis on sport rather than time outdoors
(Parssinen and Lyyra, 1993; Mutti et al., 2002). This issue wasMinimum Percent reduction
0.31D (summer) 41.5%
daylight) 0.26D (maximum daylight) 18.8%
0.15D (summer) 53.1%
0.39D (summer) 45.8%
) 0.14 mm (summer) 17.6%
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YEXER6157_proof ■ 7 May 2013 ■ 7/11analysed in detail in the Sydney Myopia Study, using the ques-
tionnaire available at http://www.cvr.org.au, in which several
questions were asked on time outdoors for leisure, time outdoors
for sport and time on indoor sport. There was no association be-
tween time on indoor sport and myopia, but clear protective as-
sociations for both time outdoors on leisure activities and time on
outdoor sport, with a particularly strong association for total time
outdoors (Rose et al., 2008a). Thus, sport per se does not appear to
be important, although clearly one way of encouraging children to
spend more time outdoors is through increased participation in
outdoor sport.
2.2.4.3. Is there a substitution effect?. Most recent studies have
shown that near work is at best only a weak risk factor for the
development of myopia (Mutti et al., 2002; Saw et al., 2005; Ip et al.,
2008; Rose et al., 2008a). Nevertheless, one possible explanation
for the protection afforded by time outdoors is that children who
spend a lot of time on study, have less time to spend outdoors, or
vice versa. If this was an important part of the explanation, then a
signiﬁcant negative correlation would be expected between hours
of near work and hours of time spent outdoors. Four studies (Mutti
et al., 2002; Jones et al., 2007; Rose et al., 2008a; Dirani et al., 2009)
have considered this issue, and all have found a weak positive
correlation between these measures. This suggests that the pro-
tection associated with time outdoors is not simply due to a
reduction in time spent on near work. However, at strong negative
association was reported in the Beijing study (Guo et al., 2013). The
conclusion that substitution is not an essential factor is strength-
ened by the observation in the Sydney Myopia Study that increased
time outdoors seems to prevent myopia, irrespective of the amount
of near work performed. This has been seen in both cross-sectional
analysis of prevalent myopia and in longitudinal analysis of inci-
dent myopia (Rose et al., 2008a; French et al., 2013a).
2.2.4.4. Are television, computers, mobile phones and hand-held
games important?. An obvious feature of modern life is the
increased use of computers, mobile phones and hand-held games,
and hence whether they are involved in the emergence of the
epidemic of myopia is an important question. In the SydneyMyopia
Study analysis, there was no association between time watching
television and use of computers with myopia (Rose et al., 2008a).
This result was consistent with previous studies on the issue (Mutti
et al., 2002; Saw et al., 2006). Some studies count time watching
television and time on computers as near work, but, in general the
dioptric load associated with television is low, and the dioptric load
associated with computer use is about half that associated with
reading. Thus it is questionable whether time watching television
and time on computers should be counted as near work.
The Sydney Myopia Study did not look at mobile phone use,
either for spoken communication, texting, or as a form of hand-
held game. However, there was a signiﬁcant negative correlation
between use of computer games andmyopia. This could possibly be
due to a substitution effect of time on computer games for time
outdoors, but further analysis of this area is required.
Historical analysis also suggests that these modern technolo-
gies were not important factors in the emergence of an epidemic
of myopia. The prevalence of myopia was already noticeably
increasing in Singapore (Chew et al., 1988; Tay et al., 1992; Au
Eong et al., 1993a,b), Taiwan (Lin et al., 2004) and Hong Kong
(Goh and Lam, 1994) in the 1960s, well before the proliferation of
these devices. Even the later emergence of an epidemic of myopia
in China is not consistent with a major role for these devices.
However, to the extent that these modern technologies encourage
children to stay indoors, they may complicate attempts at
prevention.Please cite this article in press as: French, A.N., et al., Time outdoors and
dx.doi.org/10.1016/j.exer.2013.04.0183. Summary
There is strong evidence from both cross-sectional and longi-
tudinal data that children who spend more time outdoors are less
likely to be or become myopic. This ﬁnding is supported by evi-
dence from studies in a number of different locations and ethnic
groups, including those with high prevalences of myopia. Although
a small number of studies failed to ﬁnd a signiﬁcant association
between time outdoors and myopia, it is likely that the population
characteristics affected the ability of these studies to detect sig-
niﬁcant effects. Overall, it is clear that time spent outdoors is
important for normal refractive development in children, and that
deﬁcits in time spent outdoors are reﬂected in higher prevalences
of myopia. It is currently unclear if time outdoors also slows pro-
gression in existing myopes, but the fact that it prevents incident
myopia opens up the possibility of preventing the development of
myopia, for all but the very low percentage who affected bymyopia
of clearly genetic aetiology. The effects of time outdoors are large
enough to make investigation of its use in prevention worthwhile.
4. Mechanisms of protection
A number of potential mechanisms can be suggested for the
protective effect of time outdoors. One is simple differences in light
intensity. Outdoor environments differ signiﬁcantly from those
indoors in that, at least during the day, the light is brightere indoor
situations are characterised by light intensities in the range of low
hundreds up to around one thousand lux, while during the day,
outdoors environments are characterised by light intensities of
several thousand lux up to 100,000 to 200,000 lux in sunny loca-
tions. Outdoor light also includes exposure to UVwave-lengths, and
there are other differences in spectral composition of light indoors
and outside, as well as diurnal and seasonal changes in spectral
composition and intensity.
In addition, viewing distances can be much greater outdoors,
and, as argued by Flitcroft (2012), variations in accommodative
requirements outdoors are smaller giving a more uniform dioptric
space. It also seemed possible that higher light levels outdoors
could lead to pupil constriction, increased depth of focus and less
image blur, or that reduced accommodation due to more distance
viewing could lead to decreased axial elongation. Finally, since
children are likely to be somewhat more active outdoors, it also
seemed possible that physical activity might be important.
Of these possibilities, Rose et al. (2008a) suggested that
increased light intensity outdoors was the most likely, and that this
effect could be mediated by light-stimulated release of the retinal
transmitter dopamine (Megaw et al., 1997, 2001, 2006), which is
known to be able to reduce axial elongation (Iuvone et al., 1991;
McCarthy et al., 2007) e the structural basis of the development of
myopia. We will refer to this hypothesis as the “light-dopamine”
hypothesis.
The evidence for links between retinal dopamine and myopia
has been extensively reviewed in this special issue (Feldkaemper
and Schaeffel, 2013). The synthesis and release of retinal dopa-
mine is high during the day and low during the night. This rhythm
is primarily light-driven (diurnal), although there is also a minor
circadian component (Megaw et al., 2006), at least in the chicken,
and the rate of release of dopamine appears to increase in a roughly
log-linear fashion with increased light intensity (Morgan and
Boelen, 1996; Cohen et al., 2012). Dopaminergic function is signif-
icantly down-regulated during experimentally-induced periods of
increased ocular growth rates (Stone et al., 1989), and more direct
indices of dopamine release suggest that dopamine release is
reduced within hours of ﬁtting optical devices which result in
increased rates of axial elongation (Megaw et al., 2006). In addition,the prevention of myopia, Experimental Eye Research (2013), http://
A.N. French et al. / Experimental Eye Research xxx (2013) 1e118
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YEXER6157_proof ■ 7 May 2013 ■ 8/11dopamine agonists slow the development of experimental myopia
(Iuvone et al., 1991; McCarthy et al., 2007). All this evidence sug-
gests that dopamine may play a critical role in the regulation of
ocular growth.
The “light-dopamine” hypothesis has been tested in animal
studies. In chickens, exposure to high illumination levels
(15,000 lux) for a period of 5 h per day, signiﬁcantly reduced the
development of form deprivation myopia (FDM) compared to
chicks reared with translucent diffusers under normal laboratory
lighting levels (500 lux)(Ashby et al., 2009). High illumination
levels were also found to reduce the rate of compensation for
negative lenses and enhance the rate of compensation for positive
lenses, although full compensation was still achieved (Ashby and
Schaeffel, 2010). Similar ﬁndings have been reported in tree
shrews, where the development of FDM and lens-induced myopia
(LIM) was signiﬁcantly retarded (44% and 39% respectively) by daily
exposure (7.75 h) to 16,000 lux over a period of 11 days (Siegwart
et al., IOVS 2012; 53: ARVO E-Abstract 3457). In rhesus monkeys,
exposure to high illumination levels signiﬁcantly retarded the
development of FDM (Smith et al., 2012), but had little effect on the
rate or end point of compensation for negative lenses (Smith et al.,
2013). It is important to note that the conditions of light intensity
and duration of exposure which inhibit the development of myopia
under experimental conditions are well within the ranges
encountered in human environments.
In the chick model, the protective effects of light appear to be
greater with higher light intensities (Ashby et al., 2009). Specif-
ically, the development of FDM was reduced if diffusers were
removed for a period of 15 min per day under normal laboratory
light levels (Napper et al., 1995, 1997). This protective effect is
enhanced by exposure to light during the diffuser-free period,
proportional to the light intensity used (500 lux,w48% reduction in
FDM; 15,000 lux, w62% reduction in FDM; 30,000 lux, w79%
reduction in FDM)(Ashby et al., 2009). In fact, normal refractive
development in chicks reared under lightedark cycles depends
signiﬁcantly on illumination levels (Cohen et al., 2011), since chicks
reared under low illumination levels (50 lux) during the light phase
of their daily light cycle, for a period of 90 days, developed signif-
icant amounts of myopia (w2.41D), as compared to those animals
reared under medium (500 lux, wþ0.03D) or high light levels
(10,000 lux,wþ1.1D). This suggests that prolonged exposure to low
light intensities may destabilise growth control mechanisms, but
these are not conditions to which children who become myopic
would generally be exposed.
The involvement of dopamine has been tested in only one
experiment. However, it gave results consistent with the hypoth-
esis, since the D2-dopamine antagonist spiperone blocked the
protective effect of light against the development of FDM in
chickens (Ashby and Schaeffel, 2010).
Overall, there is considerable evidence in favour of the “light-
dopamine” hypothesis, but the evidence is not entirely consistent,
since, while bright light slows the development of FDM in chickens
(Ashby et al., 2009), tree shrews (Moderately elevated ﬂuorescent
light levels slow form deprivation and minus lens-induced myopia
in tree shrews. Siegwart et al. ARVO E-Abstract # 3457, 2012) and
monkeys (Smith et al., 2012), and slows the development of LIM in
chickens (Ashby et al., 2009) and tree shrews (Moderately elevated
ﬂuorescent light levels slow form deprivation and minus lens-
induced myopia in tree shrews. Siegwart et al. ARVO E-Abstract #
3457, 2012), it had only limited effects on the development of LIM
in monkeys (Smith et al., 2013), which is generally regarded as a
better model of human myopia.
A combination of epidemiological and experimental evidence
suggests that the other mechanisms proposed are less plausible. In
relation to distance viewing and relaxed accommodation outdoors,Please cite this article in press as: French, A.N., et al., Time outdoors and
dx.doi.org/10.1016/j.exer.2013.04.018this idea does not ﬁt with the evidence from animal studies that
accommodation is not a critical factor (McBrien et al., 1993a,b).
Hypotheses linking protection to variations in dioptric (Flitcroft,
2012) space lack direct experimental support, and while the
spatial (Tse et al., 2007; Tse and To, 2011) and temporal (Zhu et al.,
2003; Zhu and Wallman, 2009) interplay of myopic and hyperopic
defocus has been demonstrated experimentally, how this might
work in human indoor and outdoor environments is unclear, given
that ﬁxation distance varies considerably outdoors as humans
interact with nearby people and objects, rather than gazing ﬁxedly
into the distance.
In relation to physical activity, the epidemiological evidence
suggests that total time outdoors rather than time spent on physical
activity is important, and this was conﬁrmed in animal experi-
ments in which there was no increase in measured activity asso-
ciated with protection by high light levels (Ashby et al., 2009).
Similarly, the limited dynamic range of light-induced pupil
constriction does not ﬁt well with the epidemiological evidence,
and animal studies using artiﬁcial pupils did not support this hy-
pothesis (Ashby et al., 2009).
Animal studies have also given no support to the UV hypoth-
esis, since protection was obtained with UV-free lights (Ashby
et al., 2009), and bright UV lights do not provide protection
(Hammond and Wildsoet, 2012). In addition, Vitamin D supple-
mentation did not prevent experimental myopia in tree shrews
(Vitamin D3 supplement did not affect the development of
myopia produced with form deprivation or a minus lens in tree
shrews, Siegwart et al. ARVO E-Abstract # 6298, 2011). Attempts
to explore this hypothesis epidemiologically and experimentally
have equally not given it strong support (Mutti and Marks, 2011),
although associations between Vitamin D receptor poly-
morphisms and myopia have been reported in humans (Mutti
et al., 2011). In relation to spectral composition, recent studies
have suggested that rearing animals under red light enhances the
development of myopia, while blue light retards it, due to differ-
ences in the focal point of these wavelengths within the eye (Long
et al., 2009; Rucker and Wallman, 2009), but in general these ef-
fects are small relative to epidemiological shifts, and are generally
only obtained in much more restricted light environments than
are associated with the natural difference between indoors and
outdoors.
5. Quantifying time outdoors
One of themajor challenges in this area is accurately quantifying
the amount of time that children spend outdoors. Initial studies
have all been performed using questionnaires. These have ranged in
complexity from simple questions on the amount of time spent on
sports and outdoors, where the underlying logic seemed to be a
possible link to physical activity, through to the multi-item ques-
tionnaire developed for the Sydney Myopia Study, which was
designed to elucidate information on the role of time outdoors and
indoors, sport outdoors and indoors, as well as to quantify aspects
of near work. As noted above, use of this questionnaire showed that
total time outdoors, rather than engagement in sport, was the
important factor.
As a result, a new questionnaire was developed by a WHO
working party to focus on quantiﬁcation of time outdoors and as-
pects of near work. This questionnaire has undergone several mi-
nor revisions, and the ﬁnal form is available at www.gzzoc.com. It
has been complemented by a questionnaire on homework and
engagement in coaching classes, which is also available online.
At present, none of the questionnaires have beenwell validated.
However, their continuing use can be justiﬁed, because these in-
struments have provided consistent evidence for the importance ofthe prevention of myopia, Experimental Eye Research (2013), http://
A.N. French et al. / Experimental Eye Research xxx (2013) 1e11 9
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YEXER6157_proof ■ 7 May 2013 ■ 9/11time outdoors in the aetiology of myopia, which indicates that the
effects are quite robust. The original Sydney Myopia Study ques-
tionnaire has been administered to two 12e13 year-old cohorts ﬁve
years apart, with similar results being obtained (French et al.,
2013b). The modiﬁed WHO questionnaire has also been adminis-
tered at several sites internationally, giving very different results at
sites where the prevalence of myopia is high as compared to those
where the prevalence is low (unpublished results). This suggests
that the results obtained with these questionnaires are reproduc-
ible and sufﬁciently robust to detect the effects of time outdoors on
the development of myopia.
However, for more precise identiﬁcation of such exposures,
particularly in intervention trials, the questionnaires need to vali-
dated against more objective measures. This work is currently in
progress, using comparison of questionnaire responses to results
from a daily activity diary. Validation using experience sampling
approaches is also in progress. However, validation against more
objectivemeasures such asmeasurements obtained usingwearable
detectors such as HOBO light meters or ACTI-watches would be
desirable. The HOBO light meters can collect continuous data, and
depending on the frequency of recording for many days, and the
ﬁrst steps in their validation have been published (Dharani et al.,
2012). Systems based on GPS or mobile phone reception also
have potential (Tandon et al., 2013; Zhou et al., 2012 (www.ntu.edu.
sg/home/limo/papers/SenSys12_IODetector.pdf).
Another form of objective measurement comes from the use of
UV densitometers which have been extensively used in Vitamin D
and sun protection research (Parisi and Kimlin, 2004; Parisi et al.,
2012), since, even though it appears that UV exposures are not
important for the protective effects, UV exposures can give an
objective measure of bright light (sun) exposures outdoors.
Currently available UV detectors can collect cumulative exposures
over several days.
An interesting variation on measuring time outdoors comes
from the measurement of UV-induced skin damage, by measuring
UV-autoﬂuorescence (Sherwin et al., 2012a,b). This technique has
established that in adults, there is a strong correlation between
increased UV-damage and lowermyopia. However, the relationship
between sun exposures and UV-autoﬂuorescence is currently un-
clear, and the extent to which damage is cumulative or partially
reversible is still to be established.
6. Clinical trials of prevention
To our knowledge, there are currently three trials on prevention
of myopia with time outdoors. Results of a small school-based trial
in Cheng-du, China have been published in Chinese (Yi and Li,
2011). This trial reported signiﬁcant reduction in the progression
of myopia in a school-based intervention, from 0.52D/year in the
control group to 0.38D/year in the intervention group. The
intervention involved increasing time outdoors and restricting near
work, but details of the intervention and the results are very
limited.
Results have also been reported from a school-based pilot
intervention in a suburban area of southern Taiwan (Wu et al.,
2013). The intervention involved turning off classroom lights and
emptying classrooms. Children were then encouraged to go out-
doors. The total time available for the intervention was 80 min per
day. In non-myopic subjects, the myopic shift in refraction was
reduced from 0.44D to 0.28D, but no signiﬁcant difference was
observed in themyopic group. Analysis of progression in thosewith
myopia was complicated by signiﬁcant use of atropine eye drops to
control myopic progression. Importantly, the percentage of new
cases of myopia was reduced from 17.65% in the control school to
8.41% in the intervention arm.Please cite this article in press as: French, A.N., et al., Time outdoors and
dx.doi.org/10.1016/j.exer.2013.04.018To our knowledge, the biggest trial is that set up in 2009 in
Guangzhou, based at the Zhongshan Ophthalmic Center. The trial
was carried out with the full support of the Guangzhou Ministry of
Education and the Guangzhou Student Health Bureau, in 12 schools
chosen to be representative of the Guangzhou system. Within this
group, schools were randomised to the treatment or intervention
arms, and all students in Grade 1 participated in the interventions
as required by Ministry of Education policy, but optical measure-
ments were gathered only on those who gave informed consent
and were formally enrolled in the trial. In the treatment arm of this
study, childrenwere given an additional class at school at the end of
the school day, during which they spent time outdoors, while in the
control arm, the childrenwent home at the normal time. At schools
in the intervention arm, education programs for parents were
carried out, encouraging them to ensure that their children spend
more time outdoors after school, on weekends and during school
holidays. Compliance is clearly an issue in trials of this kind, and
random study visits from the study team and the Ministry of Ed-
ucation ensured that schools were implementing the program
appropriately. In addition, standard questionnaires were adminis-
tered to all children annually, and in the ﬁnal data collection period
(SeptembereNovember 2012) sub-samples were examined with
HOBO light meters and UV densitometers. Final results from this
trial are not yet available, but two annual reports (Xiang et al. IOVS
2011; 52: E-Abstract 3057; Morgan et al. IOVS 2012; 53: E-Abstract
2753) suggest that small, but statistically signiﬁcant, reductions in
the development of myopia as measured by a reduction in the
decline of mean spherical equivalent refraction and the prevalence
of myopia have been achieved. Corresponding reductions in axial
elongation were also reported.
These initial results seem to give some proof of principle for the
use of interventions based on increasing time outdoors to prevent
myopia. One of the important advantages of the approach to pre-
vention through increasing time outdoors is that the approach can
be readily applied to all children, not just those with existing
myopia, and thus provides an opportunity to prevent the onset of
myopia, rather than just limit progression. Another important
advantage is that because the interventions are natural and involve
variations that are seen in human environments, even if they are
not common in some locations, it should be possible to scale up the
intervention if small positive changes are achieved initially. This is
more difﬁcult with interventions involving spectacles or drugs.
7. Conclusions
Research so far has established that children who spend more
time outdoors are less likely to be, or become myopic. The effect of
time outdoors is robust, and seems to reduce or even negate the
inﬂuence of factors that may be associated with higher prevalence
rates of myopia, such as large amounts of near work, or having
myopic parents. The ability of time outdoors to prevent incident
myopia suggests that it may be possible to reduce the number of
children with school or acquired myopia.
At this stage, it is not clear whether time outdoors also regulates
progression in those with established myopia. One major study has
reported negative results, but may have statistical limitations
associated with the lesser variation in time outdoors in children
who have already become myopic. Other reports have shown that
there are seasonal variations in progressionwhich are explicable, at
least in part, by time outdoors. Since prevalent and incident
myopia, as well as myopic progression, depend on axial elongation,
further work is needed onwhether regulation of axial elongation is
similar before and after the onset of clinical myopia.
Some progress has been made in deﬁning the mechanism of the
protective effects. From a range of possibilities, the hypothesis thatthe prevention of myopia, Experimental Eye Research (2013), http://
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YEXER6157_proof ■ 7 May 2013 ■ 10/11protection is based on bright light-stimulated release of dopamine
in the retina, has been given support from animal studies. However,
the results of animal studies are not entirely consistent, and in
particular, while bright light prevents the development of FDM in
all species studied so far, results on prevention of LIM, which would
seem to be a better model of human myopia, are more variable.
Clearly more work in needed in this area as well.
Initial results from three clinical trials of increasing the amount
of time that children spend outdoors have given promising results,
but ﬁnal results on the largest study are still pending. If these
provide proof of principle for myopia prevention interventions
based on bright light exposures, then the next challenge will be to
deﬁne and implement feasible and effective interventions on a
mass scale in locations and communities that are currently char-
acterised by high prevalence rates of myopia, as well as in other
locations. If successful, this will provide an excellent example of
how integrating human epidemiology and animal studies can be
translated into public health approaches which can provide real
health beneﬁts.1235
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